Question: Does motor imagery training improve measures of balance, mobility and falls in older adults without a neurological condition? Design: Systematic review and meta-analysis of randomised controlled trials. Participants: Adults aged at least 60 years and without a neurological condition. Intervention: Three or more sessions of motor imagery training. Outcome measures: The primary outcomes were balance measures (such as single leg stance and Berg Balance scale) and mobility measures (such as gait speed and the Timed Up and Go test). Falls were a secondary outcome measure. Risk of bias was evaluated using the PEDro Scale, and overall quality of evidence was assessed using the Grades of Research, Assessment, Development and Evaluation (GRADE) approach. Results: Twelve trials including 356 participants were included in the systematic review and 10 trials (316 participants) were included in the meta-analyses. All trials included either apparently healthy participants or older adults after orthopaedic surgery. There was evidence that motor imagery training can significantly improve balance (SMD 1.03, 95% CI 0.25 to 1.82), gait speed (MD 0.13 m/s, 95% CI 0.04 to 0.22) and Timed Up and Go (MD 1.64 seconds, 95% CI 0.79 to 2.49) in older adults; however, the quality of evidence was very low to low. No data regarding falls were identified. Conclusion: Motor imagery training improves balance and mobility in older adults who do not have a neurological condition. These results suggest that motor imagery training could be an adjunct to standard physiotherapy care in older adults, although it is unclear whether or not the effects are clinically worthwhile. Trial registration: PROSPERO CRD42017069954. [Nicholson V, Watts N, Chani Y, Keogh JWL (2019) Motor imagery training improves balance and mobility outcomes in older adults: a systematic review. Journal of Physiotherapy 65:200-207]
Introduction
Age-related deteriorations in balance and mobility contribute to disability, falls and mortality, 1 and place greater strains on the healthcare system. Allied health professionals such as physiotherapists are faced with increased geriatric admission rates 2 and workload pressures 3 to ensure adequate rehabilitation for their older patients via targeted balance, strength and functional training. 4, 5 Unfortunately, such training may produce smaller benefits or be unfeasible for certain patient groups, such as those with enforced immobilisation 6 or recently discharged from hospital. 7 Furthermore, even for older adults able to undertake appropriate exercise rehabilitation, there are additional barriers such as poor exercise compliance 8, 9 and anxiety relating to unsupervised exercise. 10, 11 Importantly, the last decade has seen growth in the use of less physically demanding interventions, such as motor imagery, that may improve a range of functional outcomes in older populations, including balance and mobility, 12, 13 while potentially minimising some of the barriers identified with traditional exercise interventions.
Motor imagery is the imagining of an action without its physical execution 14 and motor imagery elicits activity in brain regions that are normally activated during actual task performance. 15 During motor imagery, also known as 'mental practice', the mental imagery of the movement or task to be learned is systematically repeated. 16 The potential benefits of motor imagery as a rehabilitation tool for older adults relies on the ability of motor imagery training to promote motor learning 17 and enhance cortical excitability. 18 The use of motor imagery is particularly appealing for older patient groups that may be unable to undertake traditional exercise training due to weakness, surgical restrictions or immobilisation. 19 Most motor imagery research has been conducted in patients with neurological conditions, as is evident in systematic reviews of trials in stroke 12, 20 and Parkinson's disease. 13 These reviews have helped to inform training recommendations for these groups. 12, 13, 20 Within these reviews, motor imagery has been shown to promote motor planning 20 and improve upper limb function, 12,20 mobility 12 and balance. 12 Furthermore, motor imagery has recently been shown to be more effective when used in conjunction with action observation journa l homepage: www.el sevi er.c om/l oc at e/ j phys for balance activities. 21 Action observation, like motor imagery, is a motor simulation technique 22 that involves an individual watching motor actions performed by someone else, leading to the activation of the same neural structures responsible for the execution of those same actions. 23 To date, no systematic review has assessed the impact of motor imagery training on balance and mobility in non-neurological older adult participants. Inspection of the literature reveals that a wide variety of motor imagery intervention protocols have been utilised for older adults, with differences in training duration, imagery type, frequency of exposure, and tasks trained, as well as outcome measures identified. There are also many examples of methodological concerns among these studies 24, 25 and conflicting findings regarding the effects of motor imagery training on balance and mobility in older adults. 25, 26 These issues within the motor imagery literature make it difficult to observe the overall effectiveness of motor imagery for improving balance and mobility in older adults.
Therefore, the research question for this systematic review and meta-analysis is:
Does motor imagery training improve measures of balance, mobility and falls in older adults without a neurological condition?
Method
This systematic review adhered to the statement for reporting systematic reviews and meta-analyses of studies that evaluate healthcare interventions (PRISMA) 27 and was prospectively registered.
Identification and selection of studies
A comprehensive search of five electronic databases (Medline, EMBASE, CINAHL, Physiotherapy Evidence Database (PEDro), and PsychINFO) was performed from the earliest records to January 2019. The search strategy was based around synonyms and subject headings of the key concepts of motor imagery and older adults combined with the primary outcomes relating to balance and mobility. The detailed search strategy for each database is presented in Appendix 1 (see eAddenda for Appendix 1). The database searches were supplemented by reference checks of the included articles. Studies published in English and French were included; those in any other language were noted but excluded from analyses.
Trials assessing the effectiveness of motor imagery on balance and mobility outcomes were included if they met the inclusion criteria listed in Box 1. Furthermore, the detail of motor imagery training dosage (time per session, weeks of training) and information relating to the activities trained needed to be reported. A two-stage screening process was used to select relevant trials for this review. In the first stage, two reviewers (NW and YC) independently considered information from the titles and abstracts and excluded clearly irrelevant studies. In the second stage, the full text for each potentially eligible study was retrieved and assessed against the eligibility criteria by two independent reviewers (NW and YC). Disagreements were resolved by discussion with a third reviewer (VN or JK).
Assessment of characteristics of studies

Study quality
Study quality was assessed using the PEDro Scale by downloading the available scores from the PEDro database. If a study had not been rated on the PEDro database, it was assessed independently by two authors (NW and YC). 28 The total score on the PEDro Scale is the addition of 'yes' (criterion is clearly satisfied) responses for Items 2 to 11 (Item 1 is not used for calculation of the total PEDro Scale as it relates to external validity). The 10 criteria contribute 1 point each, thereby providing a score range of 0 to 10. A PEDro score of 6 out of 10 was considered to represent high quality. 29 The PEDro score is a valid measure of methodological quality and completeness of reporting, and has moderate levels of inter-rater reliability. 30, 31 
Participants
Trials were included if the mean age of the trial participants was at least 60 years. Studies that included participants who were regarded as apparently healthy or were recovering from elective orthopaedic surgery were eligible. Studies that included participants with a neurological condition such as stroke or Parkinson's disease were ineligible.
Intervention
To be eligible for inclusion, trials had to evaluate a motor imagery training intervention targeting balance or mobility. The intervention had to include multiple motor imagery training sessions. Trials were included if they used motor imagery as an intervention in isolation or if motor imagery was used as an intervention in addition to standard care. Motor imagery interventions that included the combination of motor imagery and action observation (observing a video or demonstration of an activity) were also included.
Outcomes measures
To be eligible for inclusion, trials had to report on a postintervention objective outcome measure of balance or mobility. For this review, balance outcomes included static (eg, single leg stance) and dynamic measures of balance (eg, four step square test) as well as tasks that required participants to walk with a narrow base of support (eg, tandem type walking) or stepping on pre-determined targets (eg, obstacle course). Mobility outcomes were limited to tasks that primarily involved normal straight-line walking with no restraint on stance width or obstacle avoidance, such as the timed 10-m walk test or the Timed Up and Go test (TUG). The incidence of falls was also included as a secondary outcome measure.
Comparison
The contrast between the randomised interventions was required to be motor imagery versus no intervention or sham intervention. Studies with co-interventions were included provided the co-intervention was delivered to both groups (eg, motor imagery plus usual care versus usual care).
Data analysis
A customised data extraction table was applied to each eligible trial by one of two study authors (NW or YC) and extracted data were checked for accuracy and completeness by a senior author (VN or JK). The extracted data included information regarding study design, participants (age, gender), intervention (type of imagery, frequency of Box 32 software, version 5.3. Some outcome measures for mobility and balance function indicate improvement by increases in values (eg, gait speed) while others indicate improvement by decreases in values (eg, TUG time). To adjust for the different outcome directions, for those outcomes that report improvement with decreasing values, the values were transformed by multiplying the values by 21. Raw data (means and SD) of post-intervention data were extracted from each paper. Authors were contacted if there were insufficient published data for analysis.
Balance and mobility measures were analysed separately because, although mobility requires inherent dynamic balance, 33 these outcomes may assess different aspects of function relevant to the older adult. For this review, balance outcomes included static and dynamic measures of balance as well as tasks that required participants to walk with a narrow base of support or stepping on pre-determined targets. Mobility was defined as the ability to move independently from one point to another 34 and included tasks that primarily involved normal straight-line walking or stair climbing (eg, timed 10m walk test, TUG, stair climb test) as these assessments are widely used to quantify mobility capabilities in older adults. 35 For balance, due to differences in outcomes assessed and measurement scales used between studies, the standardised mean difference (SMD) with 95% CI was calculated for each study and then pooled to compare the control and intervention groups. For mobility measures, gait speed and TUG were assessed across multiple studies; therefore, mean differences (MD) with 95% CI were calculated for gait speed and TUG, so a clinically meaningful unit (eg, gait speed in m/s or time to complete the TUG in seconds) could be presented.
Meta-analysis was completed using RevMan 32 version 5.3 to provide evidence of the pooled effect size of the motor imagery interventions. Heterogeneity was tested with chi-square measured by inspection of the I 2 values that described the percentage of the variability in effect estimates that was due to heterogeneity rather than sampling error. A fixed-effect model was used if the I 2 value was 50% and a random-effects model was used if the I 2 value was . 50%. Additionally, where substantial (. 50%) heterogeneity was observed, 36 sensitivity analyses were conducted to check whether the heterogeneity was caused by a single study. In this case, the leaveone-out approach was performed by removing the outlying study.
The overall quality of evidence was assessed for each intervention contrast and rated as high, moderate, low, or very low, as recommended by the Grading of Recommendations Assessment, Development and Evaluation (GRADE) system. 37 The GRADE classification was downgraded one level per study flaw, from high quality, if any of the following flaws were present: design limitation (if the majority of studies in the meta-analysis had a PEDro score , 6); inconsistency of results (substantial heterogeneity, I 2 . 50%) and imprecision based on small samples (, 400 for each pooled outcome). This review did not consider the indirectness criterion because the eligibility criteria ensured a specific population with relevant outcomes. In addition, the review did not assess publication bias due to insufficient study numbers (ie, , 10 studies per meta-analysis).
Sensitivity analyses
Sensitivity analyses were conducted to examine the robustness of the primary meta-analyses for balance and mobility measures. The sensitivity analyses explored the effect of including only high-quality (PEDro 6) studies in the analysis, to account for methodological aspects that may bias the overall result.
Results
Flow of studies through the review
The electronic database search resulted in a yield of 3449 articles, which was reduced to 2380 after duplicates were removed. Following title and abstract screening, 52 articles were obtained in full text and further assessment reduced the yield to 12 articles that were included in the systematic review ( Figure 1 ). Ten studies were included in the meta-analysis, with two studies not included in the meta-analysis due to insufficient post-intervention data. 25, 38 Characteristics of studies
Quality
The mean score of the included trials was 4.8 (SD 1.6) on the PEDro Scale. Four [39] [40] [41] [42] of the 12 included studies were regarded as high-quality studies as they had PEDro scores of 6. Blinding, concealed allocation and intention-to-treat analysis were the main items susceptible to bias amongst the included studies. The PEDro Scale responses for individual items and the total score for each included randomised controlled trial are presented in Table 1 .
Participants
The 12 included studies were conducted between 1985 and 2018, and involved 356 participants ( Table 2 ). The mean age of participants among the included studies ranged from 64 to 79 years. The majority of participants were female (66%). Eight studies [24] [25] [26] 38, [42] [43] [44] [45] assessed apparently healthy older adults, three studies 39, 40, 46 assessed older adults following non-traumatic orthopaedic surgery (knee or hip arthroplasty), and one study assessed apparently healthy older adults with a fear of falling. 41 
Intervention
All trials included at least three sessions of motor imagery training ( Table 2 ). Motor imagery training was undertaken in the home in four trials, 25, 41, 42, 45 in a clinic or laboratory setting in four trials, 24, 38, 43, 44 in a hospital then at home in three trials, 39, 40, 46 and in a library for one trial. 26 Motor imagery was delivered via audio guidance in six studies, 25, 26, 38, 39, 41, 42 where participants listened to pre-recorded instructions. Four studies 24, 40, 43, 44 used trainer-guided motor imagery, which involved a trainer (eg, a physiotherapist) reading a motor imagery script in real time to guide participants' imagery practice.
One study used independent motor imagery that was preceded by initial training and written instructions, 45 and one study used videoguided motor imagery (combined action observation with motor imagery). 46 Motor imagery interventions ranged from three sessions conducted over consecutive days 24 to seven sessions per week for 6 weeks. 25 Three studies prescribed three sessions per week for 8 weeks. 43, 44, 46 The duration of motor imagery sessions ranged from , 30 seconds 45 to 30 minutes 25, 46 including rest breaks. The total time spent performing motor imagery training over the course of the interventions ranged from 2 minutes 45 to 21 hours. 25 The tasks trained during the motor imagery interventions included static standing, 24, 25, 38, 44 rising from a chair, 26 mobility tasks such as the TUG, 43 walking, 39, 41, 46 stairs 39, 45, 46 and obstacle course. 42 The tasks trained in all but one study 40 included tasks that closely matched an outcome measure of balance or mobility assessed after the intervention. In the other study, participants were instructed to imagine muscle contractions and knee joint movements following knee joint surgery. 40 Adherence Adherence to motor imagery was poorly reported and was only explicitly measured in one study. In that 5-week program, 90% of participants reported listenening to the imagery tracks as prescrbed during the preoperative and postoperative periods. 39 
Effects of motor imagery on balance and mobility outcomes
Balance
Meta-analysis of six studies with a total of 114 participants provided very low-quality evidence that motor imagery had a positive effect on balance when compared with controls (SMD 1.03, 95% CI 0.25 to 1.82, I 2 = 67%) ( Figure 2 , see also Figure 3 on the eAddenda for a detailed forest plot). The evidence was downgraded from high quality to very low quality due to design limitations (five of six trials had PEDro of , 6), imprecision (sample size , 400) and substantial heterogeneity (I 2 = 67%) ( Table 3 ). Due to substantial heterogeneity (I 2 . 50%), a sensitivity analysis was performed, which revealed that the pooled estimate was most influenced by one study. 26 When this study was removed, heterogeneity remained substantial (I 2 = 58%). When this outlying study was omitted, the pooled result remained significant (SMD 1.18, 95% CI 0.52 to 1.85, I 2 = 58%) in favour of motor imagery training.
Mobility
The influence of motor imagery on mobility was assessed with separate meta-analyses for gait speed and TUG, to allow for presentation of results as mean difference in their respective units.
Meta-analysis of three studies with a total of 107 participants provided low-quality evidence that motor imagery had a positive effect on gait speed when compared with controls (MD 0.13 m/s, 95% CI 0.04 to 0.22, I 2 = 0%) (Figure 4 , see also Figure 5 on the eAddenda for a detailed forest plot). The evidence was low quality due to design limitations (two of three trials had PEDro of , 6) and imprecision (sample size , 400).
Meta-analysis of six studies with a total of 175 participants provided low-quality evidence that motor imagery had a positive effect on time to complete the TUG when compared with controls (MD 1.64 seconds, 95% CI 0.79 to 2.49, I 2 = 0%) ( Figure 6 , see also Figure 7 on the eAddenda for a detailed forest plot). The evidence was low quality due to design limitations (four of six trials had PEDro of , 6) and imprecision (sample size , 400).
Falls
None of the eligible studies reported data on falls incidence.
Sensitivity analyses
A sensitivity analysis could only be conducted for the TUG, as there was only one high-quality study within the overall metaanalysis for both balance and gait speed. When only high-quality trials (PEDro score 6) were included in the meta-analysis for the TUG (n = 2, total of 111 participants), motor imagery still had a positive effect on time to complete TUG compared with controls (MD 1.67 seconds, 95% CI 0.50 to 2.83, I 2 = 0%) (Figure 8 , see also Figure 9 on the eAddenda for a detailed forest plot).
Discussion
This systematic review provides evidence that motor imagery can improve measures of balance and mobility, such as gait speed, in neurologically normal older adults. These findings partly align with a recent systematic review and meta-analysis of data from stroke patients, which also identified improvements in balance and mobility outcomes following motor imagery training. 12 Encouragingly, the meta-analyses for gait speed and TUG had mean differences that would be considered clinically worthwhile. The mean difference of 0.13 m/s for gait speed exceeds the estimated level of substantial change (0.1 m/s) for older adults 47, 48 and aligns with the minimal detectable change identified for short-term rehabilitation in older adults. 49 
Hamel and Lajoie 25 
Similarly, the mean difference of 1.64 seconds for TUG exceeds the minimum clinically important difference of approximately 1.3 seconds identified for patients with lower limb osteoarthritis. 50, 51 However, the confidence interval around each of these estimates does extend below the nominated threshold; therefore, it must be acknowledged that the effects may or may not be clinically worthwhile.
It is more challenging to identify the clinical significance of improvements seen for balance, because although an SMD of 1.03 indicates a moderate-to-large effect size, multiple balance outcomes were assessed, a substantial degree of heterogeneity was identified, and large 95% CIs were present in the meta-analysis.
While one of the strengths of this systematic review and metaanalysis was that it included only randomised controlled trials, a limited number of high-quality studies were included in the metaanalysis. This is highlighted by the GRADE quality ratings of low and very low assigned to the outcomes of the meta-analyses. Such ratings suggest that the true effect may be markedly different from the estimated effect. 37 Downgrading of quality was largely based on design limitations (predominantly low-quality studies: PEDro , 6) and low sample sizes. The low PEDro scores were primarily related to issues with allocation concealment, blinding of assessors and intention-to-treat analysis. Another limitation was that post-intervention data were used instead of change data. Change data may have provided a more precise estimate of effect of motor imagery training on balance and mobility but change data was not consistently presented across all studies. Post-intervention data were used in preference to change data because these were the most commonly provided data in studies. Despite these limitations, it is important to note that the positive results associated with motor imagery training still existed for TUG when only highquality studies were included in the meta-analysis. Such a result is in contrast to a previous review of stroke patients, where the benefits in lower limb function and gait speed were no longer evident when only high-quality studies were included in analyses. 12 The effect of assessing only high quality studies for balance and gait speed was not possible, as each meta-analysis included just one high quality study. Clearly, further motor imagery research that incorporates appropriate research design characteristics including blinded assessors, concealed allocation and larger sample sizes will help to provide more robust evidence in this area. Future studies should also focus on patient groups that are less able to undertake traditional rehabilitation, such as those with enforced immobilisation or restricted weightbearing, as they may most benefit from motor imagery training.
Further information regarding program compliance and participant perceptions of motor imagery and action observation should also be included in future studies.
Another strength of this systematic review was that all but three studies 24, 42, 45 prescribed a motor imagery training intervention of at least 4 weeks, which appears to be a sufficient duration to promote gains in performance. 52 Although not established for balance or mobility measures, a recent meta-analysis identified that a training period of 4 weeks, involving a training frequency of three times per week and a session duration of 15 minutes, was associated with enhanced strength improvements following motor imagery training. 52 Furthermore, most motor imagery training studies in the present review were conducted in a group setting or were selfdirected with the aid of audiotape guidance. This has clinical relevance, as the use of effective training programs in group settings or unsupervised environments reduces therapist burden, 3 reduces 'wasted' time outside of structured therapy 53 and typically represents low-cost interventions, 54 suggesting that the inclusion of motor imagery training in rehabilitation programs for older adults is very feasible.
The improvements in mobility associated with motor imagery training identified in this systematic review are thought to be largely explained by improvements in motor planning that promote motor learning. 19, 55 Motor learning associated with motor imagery training has long been established in sport, 56 in rehabilitation settings, 57, 58 and more recently in older adults. 59 Motor imagery elicits activity in brain regions that are normally activated during actual task performance 60, 61 physical movements are closely matched for mobility tasks. 62, 63 Improvements in motor task execution (such as increased gait speed) following motor imagery training are believed to be due to the development and refining of the internal representation of the motor task via activation of the movement-related neural network. 61 The refinement of these internal motor representations makes motor imagery training an attractive option for patient groups that require motor task enhancement but are unable to complete traditional physical training interventions due to illness, surgical restrictions or enforced immobilisation.
In conclusion, the present systematic review and meta-analysis showed that motor imagery training improves measures of balance and mobility in older adults that do not have neurological conditions. Specifically, when motor imagery is used in isolation or in combination with established physical rehabilitation, it can promote improvements in mobility that may exceed established values for clinically meaningful change for older adults.
What was already known on this topic: Targeted balance, strength and functional training is effective in older people. Such training can be impaired or precluded in some older people, such as those with prescribed mobility restrictions after recent surgery, or with anxiety about exercising without supervision. Motor imagery training involves repetitive mental rehearsal of an action without executing that action physically. What this study adds: In older people, multiple sessions of mental imagery training clearly improve measures of balance and mobility. Due to limitations in the amount and quality of the available data, it is not yet possible to confirm whether these benefits are large enough to be considered worthwhile. Figure 8 . Mean difference (95% CI) in the effect of motor imagery training versus no intervention or sham on time to complete the Timed Up and Go test (high quality studies only).
